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The Precipitin Test as an Entomological Tool 
By A. S. West 
Department of Biology, Queen’s University, Kingston, Ontario. 


The current rapid advance in many fields of biology is being facilitated by 
the discovery of new ‘tools’ or the extended application of old ‘tools’. Radioactive 
isotopes, paper the electron microscope and are 
but a few examples. Entomology is benefiting by the use of these tools. Recently 
the serological reaction known as the precipitin test is being more frequently 
perce in numerous biological studies. It is the purpose of this paper to point out 
the uses of the precipitin test in Entomology. 

The precipitin test is a well-established laboratory procedure used in serology, 
that field of biology dealing with the interactions of antigens and antibodies. 
Common antigens are serum proteins which when injected into a laborato 
animal, usually the rabbit, stimulate the production of antibodies. Antibodies 
formed in the injected animal’s serum are serum globulins produced in response 
to the presence of a foreign protein(antigen). Antigens are components of 
serum while antibodies are components of antiserum. 

Antigens and antibodies are the ‘primary reagents’ of serological reactions 
which are diversified according to the chemical nature of these reagents. The 
precipitation of soluble antigens is the reaction which gives the name to the 
precipitin test. The test is performed in one of two ways. Both methods involve 
combining various dilutions of the antigen with a constant dilution of the 
antibody. 

In the ring or interfacial test the antigen is layered over the antibody and 
the test is read as a layer of precipitate occurring at the interface. The highest 
antigen dilution giving a ring is recorded. 

In the flocculation test antigen and er are mixed and the turbidity 
produced where precipitation occurs is measured by photoelectric methods. The 
entire range of reaction of antigen and antibody is read in the flocculation test. 
An idea of the sensitivity of the test may be gained from the fact that reactions 
are frequently obtained with the antigen dilutions as high as 1:1,000,000. 

The principle of quantitative specificity underlies serological reactions of 
whatever nature and it is this long-established principle which makes the precipitin 
test a valuable biological tool. This principle has been stated as follows (1): “A 
given kind of antibody will react more strongly, under comparable conditions, 
with the particular kind of antigen used in its formation than with any other 
substance.” Given the antibodies for any particular antigen, the biologist is in 
a position to detect the presence and distribution of that antigen under a variety 
of conditions. 

The precipitin reaction was discovered by Kraus in 1897 and was given 
—— by the classic work of Nuttall (7) in 1904 on blood relationships. 


ince that time, the reaction has been applied to a variety of problems. Among 
the better known are the diagnosis of disease agents, prevention and cure of 
disease, blood transfusion, medico-legal applications such as the identification of 
blood types or blood stains, and systematic serology. 

In the entomological field the precipitin test has been used to determine the 
blood meal sources of biting flies, to fetesioine the prey of predaceous insects 
and as an aid in systematic studies. Comparatively little use of the precipitin 
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test has been made in Canada. Riddell et al (10) have contributed valuable 
information on the specificity of the precipitin reaction as used in the study of 
mosquito feeding habits and the same co-workers (Remple et al, 9) have studied 
the multiple feeding habits of Saskatchewan mosquitoes. 

During the past year serological studies have been initiated at Queen’s Uni- 
versity under a cooperative program involving the Departments of Biology and 
Bacteriology and the HousehoJd and Medical Entomology Unit, Division of 
Entomology. The program has been assisted by grants , mee the Committee 
on Scientific Research, Queen’s yrenpoes: 3 and the Research Council of Ontario. 
Cooperation is maintained with the Serological Museum of Rutgers University, 
the United States Public Health Service and the Lister Institute of Preventive 
Medicine in England. 

At the present time the main lines of investigation concern the determination 
of the blood meals of arctic and sub-arctic biting flies and the detection of 
insect predator feeding habits with particular pe Sond to the predators of 
arctic and sub-arctic mosquito larvae. In the future this program may be expanded 
to include systematic serology studies on problems in insect rome y brief 
reference to the problems involved in each of these categories will serve to 
indicate the possibilities of wide application of the precipitin test. 


The Blood Meals of Biting Flies 
A knowledge of the hosts of biting flies is important, particularly when the 
flies are proven or suspected disease vectors. A knowledge of host preference 
may lead to a better understanding of population behaviour and distribution. 


The earliest use of the precipitin test for blood meal determination in North 
America was by Bull and King (3) and King and Bull (5) in 1923, who demon- 
strated definite host preferences on the part of the malaria vector, Anopheles 
quadrimaculatus. A practical aspect of the study was the demonstration that 
although screening eliminated part of the mosquitoes from the houses, this was 
offset by the fact that a much larger proportion of the mosquitoes fed on man 
as compared with the proportion feeding on man in similar unscreened houses. 

Reeves and Hammon (8), using the precipitin test, showed that domestic 
fowl were probably the — infection reservoir of St. Louis and Western 
equine encephalitis viruses for Culex tarsalis in the Yakima Valley, Washington. 


Reference has already been made to studies in Saskatchewan (9, 10). Remple 
and co-workers secured an efficiency of 95 percent for precipitin tests on 
known mosquito blood-meal smears. They also showed that multiple feeding 
was of common occurrence. These studies were initiated following the isolation 
of the virus of Western equine encephalitis from Culex restuans in Manitoba. 


In the United States precipitin tests on blood-meal smears are routinely 
done at the Public Health Service laboratories in Atlanta, Georgia. Serologists 
at Rutgers University are making determinations on material submitted from 
French West Africa. At the Lister Institute of Preventive Medicine in England 
there is being developed a precipitin test program which will eventually handle 
material submitted from all colonial possessions. 

For blood meal determinations the following steps are necessary. Antisera 
are prepared for the sera of known or suspected hosts. The problem of securing 
sera of wild animals and birds may in itself be a major one. The blood content 
of wild caught, engorged mosquitoes is smeared on filter paper. Smears, once 
prepared, may be stored for a period of months and even longer. For testing, 
smears are extracted with buffered normal saline. The extraction product rep- 


resents a sample of the host serum which is then set up against any number 
of antisera. 


LE: 
sen 
the 
for 
out 
the 
fro: 
exa 
be: 
a 
day 
may 
the 
con 
may} 
met 
and 
inje 
tive 
No 
qua 
of 
of 1 
Stu 
imp 
Aga 
Wo 
anti 
of « 
vati 
the 
gati 
in Vv 
tant 
the 
or « 
In 
posi 
mea 


LXXXIl - THE CANADIAN ENTOMOLOGIST 243 

A precipitin reaction will occur most strongly with the homologous anti- 
serum according to the principle of quantitative specificity. Normally, at 
dilutions of antigen and antibody used, the reaction will occur only with 
the homologous antiserum. The occurrence of heterologous or cross reactions 
for closely related hosts is a complicating factor which can sometimes be diluted 
out. Birds are serologically an essentially homogeneous group and cross reactions 
therefore occur to a greater degree. 

The application of the precipitin test to blood meal determination is far 
from being routine. Many details require investigation. Some of these are 
being studied at the Queen’s University laboratories at the present time. One 
example concerns the period of time after engorgement that a blood meal can 
be identified. Preliminary results suggest that for Aedes aegypti in the laboratory 
a precipitin reaction can be obtained from smears made not more than two 
days after engorgement. For sub-arctic Aedes species in the field this period 
may be as much as seven days. The effect of partial vs. full engorgement and 
the complications resulting from multiple feedings need attention. 


Insect Predator Feeding Habits 

An assessment of the effectiveness of predators as agents of biological 
control of insects is frequently difficult. Laboratory trials or field observations 
may be inconclusive. The precipitin test offers a more exact means of assess- 
ment of predator efficiency. 

Just as antisera are prepared for possible hosts of biting flies so antisera 
must be prepared for the possible ee of predators. Whole insects are crushed 
and extracted with buffered normal saline to secure the antigen which is 
injected into rabbits. Such antigens are complex and insect proteins are rela- 
tively poor antigens as compared with the serum proteins of vertebrates. 
Nonetheless, the are of antibodies is stimulated and the principle of 
quantitative specificity still holds. : 

Antisera thus produced are set up against a saline extract of the smear 
of the predator or, for relatively large species, an extract of the gut smear 
of the predator. The formation of a precipitin ring identifies the insect fed on 
by the predator. 

Comparatively little use of the precipitin test has been made for this 
purpose. Brook and Proske (2) demonstrated that the technique could be 
effectively used for determining insect predators of immature mosquitoes. 
Studies being carried on at Queen’s University will attempt to evaluate the 
importance of known and suspected predators of northern mosquito larvae. 
Again there are many problems in extending the technique to a new application. 
Work is being done on the stage of the insect which can best be used for 
antigenic material. The necessity of starving immature forms to rid the gut 
of contaminating antigens such as bacteria is — studied. Methods of preser- 
vation of antigenic material collected in the field constitutes another problem. 


Systematic Serology as Applied to Problems in Insect Taxonomy 

Since the time of Nuttall the precipitin test has been widely used in studying 
the systematic relationships of animals. These studies have ranged from investi- 
gating relationships at the phylum level (Wilhelmi, 11) to species relationships 
in various groups (DeFalco, 4, for hirds; Leone, 6, for Orthoptera). It is impor- 
tant to note that the serologist does not necessarily become a systematist. Rather 
the serologist furnishes ducnniiie on the quantitative relationships of species 
or other groups. This information may be of great value to the systematist. 
In general the relative intensities of precipitin reactions parallel the systematic 
position of species compared where that position has been established by other 


means. 
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In systematic serology more exact results are usually obtained by the photo- 
electric measurement of turbidity resulting from mixing of antigen and antibod 
than from the ring or interfacial test. It is obvious that antigen extracts of sich 
organism must be obtained and antisera produced. Emphasis is placed on the 
quantitative aspect of systematic serology with heterologous reactions being 
expressed in terms of percent of the homologous reaction. The fundamental 
principle is again that of quantitative specificity. 

There are many problems relating to the systematics of Canadian insect 
groups which may be aided by sage of the precipitin technique. Certain 
of the Chrysomelid leaf beetles and the Aedes complex of northern mosquitoes 
are but two possibilities. 

Conclusion 


The precipitin test is a firmly established serological procedure and there 
can be no question as to the validity of the principle of quantitative specificity. 
It is perhaps not generally realized how many factors may influence precipitin 
reactions and that these studies require precise technique at all stages. e 
application of the precipitin technique cannot be considered a routine procedure 
for problems of the type discussed in this paper. Each study may present new 
and peculiar problems. The specificity of the test, however, warrants attention 
to these details. It would seem probable that serological studies may play an 
increasingly important role in Canadian entomological research. 
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A New Species of Sarcophaga Reared from the Columbian 
Ground Squirrel (Diptera: Sarcophagidae)’* 
By G. E. SHEWELL 
Systematic Entomology, Division of Entomology, Ottawa, Canada 


Sarcophaga citellivora n. sp. 
Male: Length, 9.5—-10 mm. 

Head: Black, sometimes reddish on the lower facial and parafacial areas. 
Pollen silvery, but with distinct pale-yellowish cast on parafrontal, parafacial, 
occipital orbit, and anterior part of gena. Frontals 9-11, moderately divergent 
below, reaching middle of second antennal segment. Two or 3 hair-like inter- 
frontals on upper part. Ocellars moderate. Preverticals strong. Outer verticals 
hair-like. Orbitals nil. Parafacial hairs irregularly scattered, a little stronger 
below, but not bristly. Occipital fringe of black bristles and hairs, a few of 
the latter arising in the intrapostocular area (occipital orbit). Behind the fringe 
an irregular second and sometimes a partial third row of black hairs. Beard white, 
extending a little in front of metacephalic suture. Front } head width, (average 
of 5 specimens, 0.256). Gena 4 eye height. Antenna 3 length of face, black, 
apex of first and second and base of third segments reddish. Second segment 


4 length of third. Arista moderately plumose on basal 3. Palpi and proboscis 
black. 


Thorax: Black, silvery-pollinose with faint yellowish cast. Mesonotum 
with normal pattern of shifting black stripes overlaid by three dark-brown 
vittae. Anterior acrosticals nil. Prescutellars 1 (strong). Post-sutural dorso- 
centrals 4, rarely 5, only posterior 2 strong. Sternopleurals 3, median one 
rarely hair-like. Marginal scutellars 2. Apical scutellars 1. Preapical (discal) 
scutellars 1. Wing normal with first vein bare, third bristled basally, costal 
section 3 longer than 5 plus 6. Legs black, ventral surface of middle tibia bare, 
that of hind tibia with rather sparse villosity. 

Abdomen: Black, apex of segment 4 sometimes narrowly reddish, genital 
segments red, tessellated pollen pattern as usual, central black stripe broadest 
on segments 2 and 3. Pollen silvery at base, becoming yellowish behind and 
noticeably pale golden on segment 4. ——- 1 and 2 with lateral bristles 
only, segment 3 with laterals and a pair of median marginals, segment 4 with a 
marginal row. Arms of sternite 5 with brushes of heavy spines. Details of 
hypopygium as illustrated. 

Female: Length, 9 mm. 


More noticeably yellowish pollinose than male (seen best with naked eye). 
Front about % of head width. Proclinate orbitals 2. Apical scutellars nil. Tibiae 
without villosity. Genital segments red, the first terminating in a vertical slit, 
which is sparsely margined with bristles. Otherwise as in male. 


The species belongs in Aldrich’s group F and is a bo close relative of 
bullata Park. (Fig. 1) from which it may be distinguished by its smaller size, 
by the arrangement of the lower frontal bristles, and by the shape of the genital 
structures. From small specimens of bullata the males may be best mig 
by the less dense villosity of the hind tibiae and the females by the yellowish 
appearance especially of the thoracic dorsum. In colour, females may be difficult 
to separate from cooleyi Park., but the latter species has normally 4 (sometimes 


5) strong sternopleurals and the upper part of the margin of the genital slit has 
very thickset, strong spines. 


o _coeneieion No. 2731, Division of Entomology, Science Service, Department of Agriculture, Ottawa, 
anada. 


2Agricultural Research Officer. 
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Explanation of Plate 


Fig. 1. Sarcopbaga bullata Pk., Norway Bay, Que. 21. VIII. 1938. G. A. Hobbs. Male 
forceps, posterior and lateral views. 


Fig. 1(A) The same. Head of phallus, apical view. 


Fig. 2. Sarcophaga citellivora n. sp. Vavenby, B.C. Reared 7 Aug. 1950. Male forceps, 
posterior and lateral views. 


Fig. 2(A) The same. Head of phallus, apical view. 
Fig. 2(B) The same. Head of phallus, lateral view. 


4 


Holotype @ and allotype, Vavenby, B.C. Reared 7 Aug. 1950. No. 5921. 
in the Canadian National Collection, Ottawa. 

Paratypes, 26 8, 29 9: same data as type.2é : Vavenby, B.C., 10 Aug. 
1950. Reared, G. B. Rich. 14: Lethbridge, Alta., June 18, 1926, J. E. Revell. 
2 larvae: Livestock Insect Laboratory, Kamloops, B.C. 


All the adults from British Columbia are preserved with their puparia and 
were reared at the Livestock Insect Laboratory, Kamloops, B.C., from larvae 


that emerged from lesions in live Columbian ground squirrels (Citellus colum- 
bianus Ord.). 
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Factors Affecting the Practical Employment 
of Systemic Insecticides 


By Husert Martin? 
Science Service Laboratory, London, Ontario 


The search for compounds effective in the immunization of crop plants 
from insects or fungi has been prolonged and, with few exceptions, unsuccessful. 
It was not until the early 1940’s that Kukenthal, in the routine testing of the 
biological activities of new compounds prepared by the I. G. Farbenindustrie 
A. G., observed that certain fluorine and phosphorus compounds synthesized 
by Schrader (1947), had this ye prs and were described by Schrader as 
suitable for the “internal therapy” of plants. Because of the accepted application 
of the term therapeutant by Cunningham (1935) to toxicants in general, Shaw 
and the writer (1947) borrowed the physiological term systemic (meaning that 
the plant as a whole is affected) to differentiate this type of action from the 
tecaliaed effect of previously known insecticides. 

It is remarkable that the I. G. workers apparently did not follow up the 
possibilities of the commercial development of their discoveries. Perhaps they 
thought that the mammalian toxicity of the compounds was too high to warrant 
their practical use. Nevertheless, Bennett and Ho writer (1948) decided, after 
confirming Kukenthal’s observations, that the advantages and possibilities of 
this systemic property were sufficient to justify an investigation of the nature 
and mechanism of the systemic action of these poisonous compounds in order 
to facilitate the search for similar properties in less dangerous compounds. 

For these investigations, three of Schrader’s compounds were selected, 
namely, bis(2-fluoroethoxy)methane, CH,(OCH,CH,F),; fluorobisdimethyl- 
aminophosphine oxide, (Me,N),POF; bis(dimethylamino) phosphonous anhydride 
(octamethyl pyrophosphoramide, OMPA) (Me,N).,.PO.0.PO(NMe),. It became 
evident that at least two types of action appear in these compounds. Foliage 
of plants watered with aqueous solutions of either the fluoroethoxymethane or 
the _— oxide proved toxic to a wide range of insects, such as aphids, 
lepidopterous larvae, or the beetle Phyllodecta vitellinae. As leaf-eating insects 
placed on the foliage of treated plants died quickly without feeding and as the 
compounds were found to be relatively ineffective as stomach poisons, a fumigant 
action was suspected. This suspicion was substantiated in the following way. 
Adults of P. vitellinae were confined on muslin placed just above leaves taken 
from treated willow sets and estimated to contain 0.5 mg. of the phosphine oxide. 
The addition of water to the system caused a decrease in toxicity, a result of 
the decrease of vapour concentration which is dependent on the concentration 
of the compound in the aqueous phase of the system. 

It seemed likely that volatility would greatly limit the practical field to 
which these two compounds or similar but less noxious compounds could be 
applied; it might preclude their use for foliage application. The latter restriction 
is severe, for one of the main practical advantages of systemic action is that a 
pres and accurate placement of the toxicant on the plant surface becomes 
ess important because the plant itself co-operates in the distribution of the 
systemic insecticide. Bennett (1950) put this point to practical test by the 
treatment of ao seedlings by either foliage or soil application, the effect and 
permanence of the treatment being assessed by the subsequent infestation of 
the treated seedlings with Aphis pomi at intervals after treatment. Soil applica- 
tion of the fluorophosphine oxide at the rate of 125 p.p.m. gave freedom from 


re-infestation for the six-week period of the test. But when it was applied to 
1Director. 
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the foliage at the relatively high concentration of 0.1 per cent, it became possible 
for A. pomi to become established within 4 days after treatment. 
anhydride was found to have systemic 
roperties widely different in character from those of the other two compounds. 
t has so low a vapour pressure that its fumigant properties are negligible. Apple 
seedlings were immunized from Aphis pomi by treatment either by soil or by 
foliage application. Soil application at the rate of 50 p.p.m. gave freedom from 
aphis attack for the six-week period of test. Foliage application of sprays con- 
taining 0.1 per cent prevented re-infestation for three weeks; those containing 
1.0 per cent for 34 days. It is estimated that the initial amount of solution 
retained by the sprayed leaves is about 20 mg./in.?; unpublished results by 
Bennett and Thomas using radiophosphorous indicate that but a fraction, 4 to 4, 
of the phosphonous anhydride applied to the leaf is in fact translocated by the 
plant; during the 34-day interval the seedlings had grown to thrice their initial 
size. For these reasons the actual amount of the phosphonous anhydride res- 
ponsible for the death of the aphids must be extraordinarily small. 


Another — important practical feature of the phosphonous anhydride 
is that the treated plants are toxic only to sap-feeding insects, in contradistinction 


to the general insecticidal activities of plants treated with the two compounds 
described above. The reasons for this useful selective action rest probably in 
the properties of the anhydride as an anticholinesterase (see Martin, 1950). It 
is now accepted that the biological activity of the phosphorus insecticides is 
associated with their ability to imhibit the action of the enzymes responsible for 
the hydrolysis of acetylcholine and related esters. Yet, judged by in vitro 
standards, the phosphonous anhydride is of low activity, for it produces half 


inhibition of the enzyme at concentrations of the order of M x10-* or more, 
a million-fold less-effective than tetraethyl pyrophosphate. To mammals, how- 
ever, the phosphonous anhydride is highly poisonous and of the same order 
of acute toxicity to rats as parathion, the animals having all the symptoms of 
acetylcholine poisoning. It appears that there is, in mammals, a conversion of 
the anhydride to a more potent anticholinesterase, a conversion which DuBois 
and his colleagues (1950) have shown is accomplished in the liver. If, as is 
generally supposed, insecticidal properties are also due to anti-esterase activity, 
it would follow that the selective action of the phosphonous anhydride is 
associated with the ability of the susceptible insects to convert the compound 
to an active anti-enzyme, an ability not shared» by resistant insects. This hy- 
pothesis requires that the plant should likewise be unable to convert the phos- 
phonous anhydride to a more potent anticholinesterase, otherwise the treated 
plant would become toxic to leaf-eating insects. Unfortunately for the hypothesis, 
DuBois et al. found an anticholinesterase in plants grown in soil treated with 
the anhydride. As the same workers also found evidence that the active anti- 
enzyme is itself unstable, their conclusion seems at variance with previous findings 
of the long persistence of systemic insecticidal properties in plants treated with 
the phosphonous anhydride. : 

The practical use of the phosphonous anhydride is determined largely by 
poison hazards. Although long-term feeding tests, reported by Ripper and his 
colleagues, (1950) indicate that the risks of cumulative poisoning through the 
' feeding of the treated fodder plants are slight, the chance of unexpected change 
to a powerful anticholinesterase remains a health hazard. Until more is known 
of the fate of the chemical in the plant and of its decomposition in the animal, 
it is unwise to recommend its use on crop plants, particularly on those plants 
of v.hich the storage organs are used as food. 
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There remains a wide variety of uses to which the ere anhydride 
could be put to test, such as the treatment of ornamental plants and seed cro 

and the production of virus-free stock. Appropriate concentrations for appli- 
cation either through soil or foliage are determined by phytotoxic factors, which, 
in turn, are influenced by these factors which affect speed of uptake or absorption 
by the plant. Absorption by foliage is more rapid in the actively growing 
plant and is greatest in the young, fully expanded leaves. Speed of translocation 
to the growing point is governed mainly by environmental factors and increases 
with rate of transpiration. Evidence of the accumulation and survival of the 
anhydride in storage organs and in the dormant plant should rapidly accumulate 
from tests now in progress with the anhydride prepared from radiophosphorus. 


Summary 


1. Bis(2-fluoroethoxy) methane and fluorobisdimethylaminophosphine oxide act 

as water-soluble fumigants and are effective in protecting plants from a wide 
range of insects when watered on the roots though less effective when applied 
to the foliage. Their practical use is restricted by mammalian toxicity. 


. Bis(dimethylamino) phosphonous anhydride protects plants only from sap- 


feeding insects and, being of low volatility, is effective whether applied to 
roots or to foliage. 


. It is suggested (a) that the selective insecticidal activity of the anhydride 
depends on the ability of susceptible insects to convert the compound to a 
more potent anti-esterase, an ability shared by mammals; (b) that, until the 
conditions favouring conversion are known, it is unwise to recommend the 
application of the anhydride to food or fodder crops. 


. The geen determining the practical employment of the anhydride are 
reviewed, namely, its more effective absorption by young, fully expanded 
leaves and the speedier translocation under environmental conditions promot- 
ing transpiration. 
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Acentropus niveus (Oliv.) (Lepidoptera: Pyralidae) on the north 
shore of Lake Erie with a consideration of its distribution 
in North America’ 


By W. W. Jupp? 


On July 12, 1950 a collection of adults of the moth Acentropus niveus (Oliv.) 
was made on the north shore of Lake Erie near the village of South Cayuga, 
Ontario (Maps A, B-3). At the southern limits of the townships of Dunn and 
South Cayuga (Haldimand County) a shallow bay extends for a distance of 
about two miles along the shore of the lake (Map A). oe this bay is a 
sandy or gravelly beach ten to twenty yards wide backed by a cliff of clay that 
rises abruptly above the beach. On the day the collections were made the sky 
was clear and a brisk southerly breeze was causing waves to wash on the beach. 
The action of the waves had deposited debris, consisting largely of tangled masses 
of a filamentous green alga and exuviae of the mayfly Hexagenia occulta, in a 
windrow six inches to two feet wide along the shore. The moths were found 
in this debris, most of them lying dead and with bedraggled wings, while some 
lay on their backs with wings stuck to the damp surface and with legs kicking 
and a few were crawling about on the debris. 

The moths were first noticed on a strip of beach 100 yards long (Map A— 
locality A) about 125 yards eastward from the road forming the boundary 
between South Cayuga and Dunn Townships. Two hundred and twelve moths 
(1598 8, 532 2) were picked from the debris with forceps and were put in 
preserving fluid. Further collections were made at four other 100-yard strips 
along the beach (Map A-B, C, D, E), the following numbers being obtained: 
B. 15 (833; T¢-¢),C. 27 (208 ¢, 729), D. 20 (178 8, 392), E. 18. 
Altogether 275 moths were found, there being 205 3 4 (74.5%) and 702 9 
(25.5%). All the females were of the long-winged form and all males and 
females were of the sharp-winged variety as figured by Berg (1). The five 
100-yard strips represent about one-seventh of the two-mile length of the beach 
and from them 275 moths were collected, so the likelihood is that there were 
in excess of one thousand moths along the whole beach. 

In his discussion of the distribution of Acentropus niveus in North America 
Munroe (6) concluded that “this species is more abundant and possibly much 
more widely distributed in North America than the few records of its capture 

. would suggest . . .”. Since his account appeared the known range of 
the species has been considerably extended, there now being eight localities at 
which collections have been made, thus corroborating his conclusions. These 
eight localities are noted on Map B. 

1. Dundas Marsh, Hamilton, Ontario. 

Specimens were first collected here during the summer of 1947 by Judd (4), 
more than 200 being trapped in cages between June 16 and Aug. 15, as they 
emerged from the water. Three were caught in flight on June 14 (3). 

2. Caledonia, Ontario. 

A single male was collected by Dr. F. P. Ide on July 16, 1948 at the Grand 
River. The specimen is in a collection at McMaster University, Hamilton, Ontario. 

3. South Cayuga, Ontario. 

Collections of 275 moths as recorded herein. 

4. Varna, Tompkins Co., New York. 

One male collected, June 15, 1946 by Munroe (6). 


1Contribution from the Department of Zoology, University of Western Ontario, London, Ontario. 
2Assistant Professor of Zoology. 
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Map A. Distribution of collections of Acentropus niveus along the north shore of Lake Erie. 
Map B. Distribution of collections of Acentropus niveus in North America. 


5. Minetto, New York. 

A single specimen was collected by Forbes (2). 

6. St. Anne de Bellevue, Quebec. 

One female was collected in July, 1947 by Munroe (6). 

7. Montreal, Quebec. 

Three moths were collected on Aug. 2, 1927, Aug. 1 and 3, 1944 by 
Sheppard (8). 

8. Lac a la Tortue, Quebec. 

One male was collected in July, 1947 by Munroe (6). 

These records indicate that Acentropus niveus is distributed along the lower 
Great Lakes, the St. Lawrence River and waters adjacent to them. In a recent 
discussion of the biology of this insect Berg (1) records that in Denmark the 
larvae live on the submerged leaves and stems of Anacharis (Elodea) canadensis 
(Michx.) Planchon (water-weed), Ceratophyllum demersum L. (coontail), and 
Potamogeton perfoliatus L. (pond-weed). These three species of plants occur 
in the Dundas Marsh (5) where Acentropus niveus was trapped in five cages 
during 1947 (3). Cage No. 3 was set out over a dense growth of submerged 
plants among which Ceratophyllum demersum predominated and of 201 moths 
trapped in the five cages 173 appeared in this cage. It is therefore likely that 
Ceratophyllum is the main food supply of the larvae in the Dundas Marsh. The 
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. three species of plants mentioned by Berg as being the food supply for the larvae 

in Denmark occur in eastern North America about the Great Lakes and else- 
where (7). The presence of these plants in the area occupied by Acentropus 
niveus strengthens Munroe’s contention that the insect is likely a native American 
species. 

Berg (1) studied the times of _—— of the moths around Esrom Lake 
in Denmark. In 1939 they appeared first on June 28, were commonest in August 
and were collected last on Sept. 8; in 1940 they appeared first on June 27, were 
commonest in the first half of August and were collected last on i 4. He 
concluded that there was only one generation per year with a single peak of 
maximum abundance and a long swarming time, and that “if a second generation 
exists at all it can only be in very insignificant numbers.” In the collections 
from the Dundas Marsh (4) in 1947 the time of first appearance was June 14, of 
last emergence Aug. 15 and of maximum emergence July 19, indicating that the 
period of emergence is about two weeks earlier than the period of emergence 
of the insects studied by Berg. The times of collection of the other specimens 


found in North America fall within the range of dates of emergence of the moths 
from the Dundas Marsh. 
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On the True Identity of Arctogeophilus fulvus (Wood), With 
Some Remarks Concerning the Status of Mecistocephalus 
melanonotus Wood 


(Chilopoda: Geophilomorpha: Geophilidae) 
By E. Crasit, Jr. 


Cornell University 


In 1862' H. C. Wood described a new centipede, Mecistocephalus fulvus, 
which he found “not very abundantly” in the vicinity of Philadelphia. To m 
knowledge no subsequent worker has ever attempted to refer a centipede to this 
— nor has fulvus ever been considered a synonym of any other species, so 
t 


at for eighty-eight years it has been regarded privately or in print? as being 
incertae sedis. 


The confusion surrounding this species has been due primarily to the follow- 
ing considerations: it has never been taken by anyone other than its author; the 
type is missing; it was highly improbable that this species could be referred to 
Mecistocephalidae, or even to Mecistocephalus, a genus represented in the eastern 
United States by a single imported species*; and the original description itself 
refers to a centipede not quite like anything else known to occur in the east. 


Among the material sent me from Virginia by Richard L. Hoffman during 
the past few years are three specimens, which are, I am convinced, conspecific 


with the lost type of Wood’s species. These specimens support in every detail 
the distinctive features stipulated in the original description. 


An examination of the mouthparts and sternites of this material clearly 
indicates that fulvus belongs to the Tteectic genus, Arctogeophilus, which, with 
the inclusion of fulvus, is now known to be represented in the east by two species, 
ie. fulvus (Wood) and umbraticus (McNeil) 


Wood’s nominal species, Mecistocephalus melanonotus*, described from 
Georgia, has also been referred to Arctogeophilus*. However, a recent examina- 
tion of the type at the Academy of Natural Sciences of Philadelphia has led me 
to doubt this contention. Although the type is represented today only by the 
most posterior of the body segments (the head is detached and missing), it is 
quite evident that there are no coxopleural pores opening freely onto the coxal 
surfaces of the ultimate legs and that the ultimate legs are armed with distinct 
claws. Considering the nature of the coxopleural pores, the inclusion of mela- 
nonotus within Arctogeophilus, as we now understand this genus, is quite 
impossible. 

Except for the cephalic plate, which Wood characterized as being “elon- 
gatum, angustum, latjtudine plus duplo longius”, the 1862 description of mela- 
nonotus clearly suggests Geophilus rubens Say, 1821, specimens of which I have 
seen from as far south as Alabama. But no matter what melanonotus really is, 
since its type lacks superficially opening coxopleural pores, it does not seem 
possible to regard it as a congener of fulvus and umbraticus. 


The following redescription of Arctogeophilus fulvus (Wood) will readily 
distinguish it from all other known species of the genus. 


1Wood: Journ. Acad. Nat. Sci. Phila., mew series, V, p. 41, (1862). 

2Attems: Das Tierreich, lief. 52, p. 155, (1929). Cited as incertae sedis, fulvus is included in the 
section on Mecistocephalidae. 

83Mecistocephalus maxillaris (Gervais). 

4americanus (Brolemann)=umbraticus (McNeill). 

5Wood: loc. cit. 

6Attems et al.; Attems: op. cit., p. 298. 
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Fics. 1-5 Arctogeophilus fulvus (Wood) 


1, first and second maxillae; 2, left coxopleuron, ventrolateral aspect; 3, left prehensor, 
ventral aspect; 4, clypeus; 5, labrum and prelabral clypeus, medial aspect. 


Arctogeophilus fulvus (Wood) 

Digm’: 2, Hill 4200 (Big Knob Hill), Alleghany Co., Virginia. May 15, 
1949. (Richard L. Hoffman), in author’s collection, C-1003. 

Female. Total length 43 mm. Antennae yellow-orange; 2.33 X longer than 
cephalic plate; distally attenuate; ultimate article elliptical, about as long as two 
preceding articles taken together; articles two to six each with a distal and a 
proximal circumarticular row of very long setae; articles seven to thirteen with 
similar circumarticular setal rows, but their setae much reduced in length. 
Cephalic Plate shiny light orange, darker than antennae; deeply punctate, 1.36 xX 
longer than wide; widest at 1/5 distance from anterior to posterior margins, 
thereafter gradually narrowing to rounded posterior corners, posterior margin 
straight, not rounded as in wmbraticus (Wood's illustration is slightly exaggerated 
in length to width ratio but is otherwise accurate); a fine though distinct suture 
delineating frontal plate; sparsely beset with very long, delicate setae, a row of 
them projecting out over lateral margins of plate; two very weak sulci extending 
2/5 length of plate from posterior margin anteriorly. Clypeus concolorous with 
cephalic plate; coarsely areolate except for a roughly semi-elliptical smooth area 


7By “‘digm” the idea of sample or example is meant. The term has no “typical” connotation in the — 
nomenclatorial sense. 
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immediately anterior to each labral side-piece, these smooth areas separated by 
a medial areolate strip; immediately behind and between antennal insertions a 
large, whitish, cordiform clypeal area, its apex directed anteriorly, its postero- 
lateral angles tending to break into smaller irregular areas; two: post antennal 
setae, each closely flanking anterior apex of clypeal area, each posterolateral 
angle of clypeal area closely flanked by one seta ectally, in addition there are 
three or four setae in a transverse linear group on either side posterolaterad of 
clypeal area, a median group of two setae midway in areolate strip between labral 
mid-piece and clypeal area. Labrum with side pieces strongly bowed-forward, 
each separated from clypeus by a narrow, clear, membranous strip, side-pieces 
partially overlapping mid-piece but not quite meeting medially, beset along medial 
4/5 with long, delicate acuminate pectinations; mid-piece and clypeus coalesced, 
with about eleven teeth, these partially concealed and overlapped by labral side- 
pieces and their pectinations. Mazxillae generally similar to those of umbraticus 
but distinctly broader; first maxillary syncoxite and telopodites with long lappets; 
second maxillary coxosterna united by a narrow areolate bridge, coxosternal 
lateral thickenings ending midway between upper margin of salivary pore and 
anterior coxosternal margin, telopodite with distal article densely setose, proximal 
articles each beset with one, two, or no short setae, apical claw simple, short. 
Prebensors concolorous with antennae; when closed, the distal condyle attains 
level of base of first antennal article; sparsely beset with extremely long, delicate 
setae; denticle of trochanteroprefemur low, rounded, very weak, those of femuroid 
and tibioid tiny, flatly triangulate, but distinct; tarsungular basal tooth blunt, 
weak, much smaller than that of wmbraticus; claw robust, shorter than that of 
umbraticus. Prosternum concolorous with prehensors; sparsely beset with ex- 
tremely long, fine setae; medianly rather deeply canaliculate; chitin lines wanting. 

Sternites pale yellowish anteriorly, becoming whiter posteriorly; very sparse- 
ly beset with minute, very short setae peripherally; poreless, coarsely, deeply 
punctate; without carpophagus-structures; all deeply, sharply canaliculate; ulti- 
mate pedal sternite distinctly, medianly canaliculate, subrectangular, its sides 
weakly convergent, the posterior margin straight, greatest width to length, 
11:19. Tergites yellow-orange anteriorly becoming whiter posteriorly; broadest 
anteriorly, narrowing posteriorly so that the body is markedly attenuate along 
the last } of its length; bisulcate, all sulci parallel; very sparsely beset with setae, 
these longest on lateral tergital margins. Spiracles anterior to mid-body length 
all elliptical, the first markedly so and 14 times longer than second. Legs fifty- 
seven pairs; slightly lighter than associated sternites; all sparsely beset with 
extremely long, delicate, setae; claws of anterior legs long, thin (second leg claw 
4 length of tarsus), becoming shorter, more robust posteriorly; ultimate leg with 
coxa not particularly inflated, its side not bulging ectad of wall of preceding 
segment, pierced by about thirty-nine pores, these dorsally, laterally, and ventrally 
disposed, being most concentrated along the coxal periphery (as is shown on figure 
2); ultimate leg uniformly and very slightly inflated, slightly longer than penult 
leg, ventrally rather densely pilose, articles beset with extremely long, delicate, 
pale setae, apical claw sharp (only } as long as penult leg claw), distinctly claw- 
like, not membranous, nor tuberculate. Amal Pores distinct, round. 

Paradigm: 2 , Hill 4200 (Big Knob Hill), Alleghany Co., Virginia. May 15, 
1949. (Richard L. Hoffman), in author’s collection, C-1003a. 

Female. Differing in no significant respects from the digm. Coxopleural 
pores number about thirty-seven. 
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Paradigm: ¢ , Crabtree Falls, Virginia. April 14, 1948. (Richard L. Hoff- 
man), in author’s collection, C-1004. 


Female. Differing in no significant respects from the above specimens. 
Coxopleural pores number about forty-five. 


Tue Runce Press Limitep, Orrawa 
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